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Abstract. Phyllanthus emblica and P. indofischeri, commonly known as the Indian gooseberry, are important nontimber forest
product (NTFP) species widely distributed across the Indian subcontinent. The fruits of these species are rich in vitamin C and
are used in the preparation of a number of herbal medicines for treating a wide range of disorders. Due to the increased demand,
they have been harvested extensively and form a major source of income for the forest-dwelling communities living in southern
India. There are limited studies to understand the impact of harvesting on the genetic structure of these species. In this study, 15
polymorphic microsatellite markers have been developed for P. emblica and were characterized by screening 20 individuals each of P.
emblica and P. indofischeri. The number of alleles per locus ranged 2–9 for P. emblica and 2–11 for P. indofischeri. The observed and
expected heterozygosity ofP. emblica ranged 0–1 and 0.401–0.825, respectively. Similarly, the observed and expected heterozygosity of
P. indofischeri ranged 0.5–1 and 0.366–0.842, respectively. Cross-amplification of the designed primers was assessed with seven related
Phyllanthus species. The microsatellite markers developed can be used for studying the population genetic structure, gene flow and
genetic diversity of P. emblica and P. indofischeri.
Keywords. simple-sequence repeat markers; heterozygosity; population genetics; Phyllanthus indofisheri.
Introduction
Phyllanthus is one of the most species-rich genera of the
family Phyllanthaceae, comprising over 800 species world-
wide and over 50 species in India (Ravikanth et al. 2011).
They are characterized by diverse growth forms, including
shrubs, trees, annual or biennial herbs, and are distributed
throughout the tropical and subtropical regions of both
hemispheres. Among the species found in India,P. amarus,
P. debilis, P. fraternus, P. urinaria, P. kozhikodianus,
P. maderaspatensis, P. acidus, P. emblica and P. indofis-
cheri are widely used in preparation of herbal medicines,
and some of these species are cultivated in southern India
(Srirama et al. 2010; Ravikanth et al. 2011).
P. emblica L. and P. indofischeri Bennet, commonly
known as the Indian gooseberries, form an important non-
timber product species (NTFP) in southern India. The
fruits of these species are rich in vitamin C and used
for treating digestive disorders, constipation, fever, cough,
asthma and to stimulate hair growth (Ravikanth et al.
2011). The fruits of both the species are traded as ‘Amla’ in
India, and the extracts of fruits have been reported to have
antioxidant, analgesic, anti-inflammatory and chemopro-
tective properties (Khopde et al. 2001; Srirama et al. 2012).
They are also used in the preparation of pickles, jams,
juices and also used in cosmetics, hair dye and shampoo
industries (Siva 2003; Ganesan and Setty 2004). Both the
species are medium-sized trees widely distributed in the
forests of south India,where,P. emblica is commonly found
in the evergreen to moist deciduous forests, and P. indofis-
cheri is often seen in the dry deciduous forests of southern
India.
The fruits of these species form a major source of
livelihood for many forest-dwelling communities in India
(Ganesan and Setty 2004). Besides these species, a num-
ber of Phyllanthus species are used in the herbal industries
as a source for many Ayurvedic preparations (Ravikanth
et al. 2011; Srirama et al. 2012). The predicted annual
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industrial consumption of dry Amla by the herbal
industries is 17,000 MT, which correlates to 85,000 MT
of green fruits (Babu 2010). It is also estimated that the
forest-dwelling communities obtain 65% of the fruits from
the wild (Ganesan and Setty 2004; Ved and Goraya 2008).
Such enormous usage of NTFP can have a detrimental
effect on the wild populations of both P. emblica and P.
indofischeri leading to the lower regeneration and reduc-
tion in population size (Ravikanth and Siddappa Setty
2017). Reduced population size and fragmentation could
result in mating among closely related individuals, leading
to inbreeding and alteration of the genetic structure of the
populations and finally to local extinction of populations
(Ravikanth and Siddappa Setty 2017). Understanding
how harvesting of fruits of these species modifies the
genetic structure could provide important information in
developing sustainable harvesting practices. Secondly, for
effective utilization and conservation of genetic resources
of Phyllanthus species, critical information on the spatial
distribution of genetic variability of the species is crucial.
Mapping the distribution of genetic variability could aid in
the identification of genetic hot spots for in situ conserva-
tion, as well as to assist in designing germplasm collections
(Ravikanth et al. 2001).
Pandey and Changtragoon (2012) reported the char-
acterization of six microsatellite markers of P. emblica,
of which five were polymorphic. These five microsatel-
lite markers are however extremely low to address the
impacts of harvesting on the genetic structure of these
two important NTFP species, to study the population
genetic variability or to assess the gene flow across the
populations. In this study, we additionally developed 15
polymorphicmicrosatellitemarkers ofP. emblica to under-
stand the population genetic diversity of both P. emblica
and P. indofischeri. We also show the cross-amplification
of these markers with other related species of Phyllanthus.
These primers can be useful in assessing the genetic diver-
sity, gene flow and spatial genetic structure of P. emblica,
P. indofischeri and related species.
Materials and methods
Young leaves from 20 individuals each of P. emblica and
P. indofischeri were collected from Biligiri Rangaswamy
Temple Wildlife Sanctuary (BRT WLS) (11◦59′38′′N:
77◦8′26′′E), India. Two to three individuals each of the
related species were also collected from School of Ecology
and Conservation Garden, GKVK, Bengaluru. Genomic
DNAwas extracted fromthe leaves using theDNeasyPlant
Mini kit (Qiagen, Hilden, Germany). Purified genomic
DNAofP. emblicawasused formicrosatellite development
using the hybridization capture approach, described by
Glenn and Schable (2005) with minor modifications. The
genomic DNA (20 µg) of P. emblica was initially digested
by the RsaI and XmnI restriction digestion enzymes (New
England Biolabs, Massachusetts, USA) for 1 h at 37◦C.
The digested DNA was ligated to double-stranded Super
SNX linkers (SNX-F- 5′-GTTTAAGGCCTAGCTAGCA
GAATC and SNX-R- 5′-ATTCTGCTAGCTAGGCCTT
AAACAAAA) and the ligated DNA was amplified with
the SNX forward primer. The amplified products were
hybridized with the Biotin labelled oligonucleotide probes
containing the microsatellite repeats (AC, GA, AA, CTT,
AGG and ACAG). The hybridized microsatellite rich
products were captured magnetically using streptavidin-
coated Dynabeads (Invitrogen, Oslo, Norway). These
enriched fragments were amplified using the SNX linker
primer and cloned to pTZ57R/T vector using the Thermo
Scientific TA cloning kit. The cloned vector was trans-
formed into the competent E. coli cells (CB5 α, Chromous
Biotech, Bengaluru). The recombinant or the positive
clones were identified as white colonies by the blue/white
screening procedure on LB Agar plates containing Ampi-
cillin and X-gal. These positive colonies were further
amplified from the plasmid DNA using the M13 primers
and inserted length that was more than 150 bp were
selected. Based on this criterion, 132 colonieswere selected
and sequenced using ABI PRISM 3100 Genetic Analyzer
Applied Biosystems (Chromous Biotech, Bengaluru). The
sequences were screened for the presence of microsatellite
repeat motifs using the web-based SSR Finder program
(Martins et al. 2009). Of the 132 colonies, 41 had sufficient
SSRs and the forward and reverse primers were designed
using a web-based Primer3 program (http://primer3.wi.
mit.edu/; Rozen and Skaletsky 2000).
These 41 primers were initially screened with five indi-
viduals of P. emblica. Of the 41 primers, 15 primer pairs
were selected based on the length variations in the agarose
gel (table 1). The selected primers were labelled using dif-
ferent fluorescent label dyes (6-FAM, HEX, NED, PET)
at the 5′ end of the forward primers (Invitrogen, Califor-
nia, USA; table 1). Twenty individuals each of P. emblica
and P. indofischeri from the BRT WLS population were
amplified with the labelled primers. The PCR reaction for
the amplification was carried out using 5–10 ngDNA tem-
plate, 1X polymerase buffer, 1 mMdNTPs, 5 pmol each of
forward and reverse primer and 1 unit of Taq polymerase
(Bangalore Genei, India). The PCR’s cycling conditions
were 5 min at 95◦C, followed by 38 cycles of 30 s at 94◦C,
45 s at the annealing temperature of designed specific
primer (47.7–52.8◦C) and 45 s at 72◦C, with an extension
of 10 min at 72◦C in the final cycle. The labelled products
were genotyped on an Applied Biosystems 3730 Genetic
Analyzer with a GeneScan 500 LIZ (-250) Size Standard
(SciGenom, Cochin, India). The genotype results were
evaluated and scored for the allele sizes usingPeakScanner
ver. 2 (Applied Biosystems).
The data was analysed for the genetic diversity indices
such as observed heterozygosity (Ho), expected heterozy-
gosity (He), number of alleles per locus (Na), effective
number of alleles (Ne); fixation index (F ) and deviation
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Table 2. Characterization of 15 polymorphic loci for P. emblica and P. indofischeri.
P. emblica P. indofischeri
Primer N Na Ne Ho He F HWE N Na Ne Ho He F HWE
PE3 17 5 3.18 1 0.706 −0.460 NS 19 3 2.31 1 0.582 −0.765 **
PE6 17 9 5.03 0.941 0.825 −0.175 NS 20 5 2.26 0.6 0.572 −0.076 NS
PE8 18 2 1.98 0 0.508 1.000 *** 19 5 3.18 0.947 0.704 −0.382 NS
PE9 18 3 2.45 0.944 0.608 −0.598 * 20 4 2.51 0.95 0.617 −0.580 *
PE10 20 5 3.52 1 0.735 −0.396 NS 20 4 2.49 0.9 0.614 −0.503 NS
PE11 20 2 1.98 0.9 0.508 −0.818 * 20 3 1.70 0.5 0.422 −0.216 NS
PE12 14 2 1.99 0.929 0.516 −0.867 NS 20 3 2.10 1 0.537 −0.909 ***
PE15 18 2 2.00 1 0.514 −1.000 ** 9 2 1.53 0.444 0.366 −0.286 NS
PE16 14 4 3.73 0.714 0.759 0.024 NS 20 3 2.12 0.8 0.542 −0.513 NS
PE27 18 2 1.98 0.889 0.508 −0.800 NS 20 3 2.36 0.9 0.591 −0.562 *
PE34 17 4 1.89 0.588 0.485 −0.250 NS 19 3 2.11 1 0.539 −0.905 **
PE35 18 3 2.31 0.889 0.584 −0.565 NS 20 5 2.57 0.9 0.627 −0.472 *
PE36 19 8 3.86 0.947 0.761 −0.279 NS 20 11 5.59 0.75 0.842 0.087 NS
PE37 18 6 3.00 0.889 0.686 −0.333 NS 20 5 3.33 0.9 0.718 −0.286 NS
PE40 16 3 1.64 0.438 0.401 −0.126 NS 20 4 1.81 0.6 0.458 −0.345 NS
Overall mean 4 2.70 0.805 0.607 −0.376 4.2 2.53 0.813 0.582 −0.448
N , number of individuals;Na, number of alleles;Ne, number of effective alleles;Ho, observed heterozygosity;He,
expected heterozygosity; F , fixation index; HWE, Hardy–Weinberg equilibrium. NS, not significant; *significant
at 0.05; **significance at 0.01; ***significant at 0.001 based on P values.
Table 3. Cross-amplification of P. emblica microsatellite markers with closely related Phyllanthus species.
Locus P. tenellus P. debilis P. amarus P. kozhikodianus P. polyphyllus P. baillonianus P. acidus
PE3 + + − + + + +
PE6 + + − − + − −
PE7 + + + + + + +
PE8 + + + + + + +
PE9 + − − + − − −
PE10 + + + + + + +
PE11 + + − + − − −
PE12 − + − + + − −
PE15 + + − + − − −
PE35 + + + − + − +
PE36 + + − + + + +
PE37 + − − + + − −
PE40 − + − + + − −
(+) Successful amplification; (–) no amplification.
from Hardy–Weinberg equilibrium (HWE). The analysis
was carried out in Cervus 3.0 (Kalinowski et al. 2007)
and Genealex 6.5 (Peakall and Smouse 2012). The pres-
ence of null alleles and allele dropouts were assessed using
Microchecker 2.2.3 (Van Oosterhout et al. 2004). All the
15 primers were also analysed for cross-amplification with
seven related Phyllanthus species, namely P. amarus,
P. debilis, P. tenellus, P. kozhikodianus, P. polyphyllus,
P. baillonianus and P. acidus.
Results
Twenty individuals each of both the species P. emblica and
P. indofischeri were assessed for their genetic variabil-
ity using 15 microsatellite markers. Of these 15 primers,
two were mononucleotide, seven dinucleotides and six
trinucleotide repeat motifs (table 1). All the microsatellite
markers were found to be polymorphic and the number
of alleles per locus was in the range of 2–9 in P. emblica
and 2–11 in the case of P. indofischeri with an average of 4
and 4.2, respectively. The effective number of alleles was in
the range of 1.63–5.02 for P. emblica and 1.69–5.59 for P.
indofischeri with an overall mean of 2.70 and 2.53, respec-
tively. The observed and expected heterozygosity for P.
emblica was in the range of 0–1 and 0.401–0.825, respec-
tively. Similarly, the observed and expected heterozygosity
of P. indofischeri was in the range of 0.5–1 and 0.366–
0.842, respectively. The overall mean for observed and
expected heterozygosity for both the species were 0.805
and 0.607 (P. emblica) and 0.813 and 0.582 (P. indofis-
cheri), respectively (table 2). The presence of null alleles
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and allele dropouts in all the loci was not detected using
Microchecker at the confidence level of 95%, based onVan
Oosterhout et al. (2004). The fixation index for P. emblica
ranged from 1 to −1 with an overall mean of −0.376.
Similarly, the fixation index for P. indofischeri ranged
from 0.087 to −0.909 with an overall mean of −0.448.
Four of the 15 primers showed significant deviation from
HWE (P<0.05) in the case of P. emblica and six of the
15 primers showed significant deviation from HWE for
P. indofischeri.
The primers developed also cross-amplified with all the
seven related Phyllanthus species. However, not all the
primers successfully amplified in all the seven species. In
case of P. debilis, P. tenellus, P. kozhikodianus and P. poly-
phyllus, 11 primers were found to cross amplify (table 3);
however, only four primers in P. amarus, five in P. bailloni-
anus and six in P. acidus cross-amplified (table 3).
Discussion
Only a few studies have investigated the genetic diversity of
Phyllanthus species (UmaShaanker andGaneshaiah 1997;
Padmini et al.2001).However, these studiesusing isozymes
provided limited information on the spatial genetic struc-
ture as well as on gene flow across the populations. Our
initial studywith themarkers in one population for each of
the two species revealed ameanobserved and expectedhet-
erozygosity of 0.805 and 0.607 (P. emblica); and 0.813 and
0.582 (P. indofischeri). The results indicate that the primers
PE8, 9, 11 and 15 in case of P. emblica and PE 3, 9, 12, 27,
34 and 35 in case of P. indofischeri showed significant devi-
ation from HWE (table 2). One of the possible reasons for
this deviation from HWE could be due to higher levels of
inbreeding in the sampled population of both the species.
There has been a long history of extraction of fruits of
these species in sites sampled (Ganesan and Setty 2004).
Besides, over the years, there has been increased mortality
and reduced fruit set of both the species due to the infes-
tation of mistletoe, Taxillus tomentosus (Rist et al. 2011).
The spread of invasive species such as Lantana camara in
recent decades, mistletoe infection and harvesting, have
led to poor regeneration causing a significant reduction in
population size of these species. Reduced population size
could significantly increase inbreeding in the population.
In an earlier study, of the six microsatellite loci five
showed polymorphism with the number of alleles ranging
from four to seven and the observed and expected het-
erozygosity ranging from 0.360 to 0.760 and 0.499 to 0.806
similar to the observed and expected heterozygosity found
in our study (Pandey and Changtragoon 2012).
In addition to the markers reported by Pandey and
Changtragoon (2012), the microsatellite markers devel-
oped in this study could be used to study the popula-
tion genetic structure, gene flow and genetic diversity of
P. emblica, P. indofischeri and other Phyllanthus species.
Besides P. emblica and P. indofischeri, our study has also
shown cross-amplification of these microsatellite markers
in a number of Phyllanthus species. Thus, these markers
could also aid in assessing the impact of harvesting and
other anthropogenic pressures on the genetic structure of
other Phyllanthus species, which are also subject to har-
vesting pressures.
Acknowledgements
The authors acknowledge the permission granted by the Kar-
nataka Forest Department PCCF(WL)/E2/CR-22/2013-14,
dated 2 December 2014 and renewed on 21 May 2016 for col-
lection of leaf samples of P. emblica and P. indofischeri from
Biligiri Rangaswamy Temple Wildlife Sanctuary. This study
was made possible by the support United States Agency for
International Development (USAID, award number: AID-386-
A-14-00011). The contents are the responsibility of authors and
donotnecessarily reflect the viewsofUSAIDor theUnitedStates
Government.
References
Babu K. L. 2010 Health and livelihoods of community and tra-
ditional medicinal plants: SWOT of two agro climatic zones of
India. Report of South Asia Network of Economic Research
Institutes (SANEI), pp. 1–78.
GanesanR. andSetty S.R. 2004Regenerationof amla, an impor-
tant non-timber forest product from southern India. Conserv.
Soc. 2, 365–375.
GlennT. C. and SchableN.A. 2005 IsolatingmicrosatelliteDNA
loci. Methods Enzymol. 395, 202–222.
Kalinowski S. T., Taper M. L. and Marshall T. C. 2007 Revising
how the computer program CERVUS accommodates geno-
typing error increases success in paternity assignment. Mol.
Ecol. 16, 1099–1106.
Khopde S.M., Indira PriyadarsiniK.,MohanH.,GawandiV.B.,
Satav J. G., Yakhmi J. V. et al. 2001 Characterizing the antiox-
idant activity of amla (Phyllanthus emblica) extract. Curr. Sci.
81, 185–190.
Martins W. S., Lucas D. C. S., Neves K. F. S. and Bertioli D.
J. 2009 WebSat - A Web software for microsatellite marker
development. Bioinformation 3, 282–283.
Padmini S., Nageswara Rao M., Ganeshaiah K. N. and Uma
Shaanker R. 2001 Genetic diversity of Phyllanthus emblica in
tropical forests of south India: impact of anthropogenic pres-
sures. J. Trop. For. Sci. 13, 297–310.
PandeyM. andChangtragoon S. 2012 Isolation and charactriza-
tion ofmicrosatellites in amedicinal plant,Phyllanthus emblica
(Euphorbiaceae). Am. J. Bot. 99, e468–e469
Peakall R. and Smouse P. E. 2012 GenAlEx 6.5: genetic anal-
ysis in Excel. Population genetic software for teaching and
research-an update. Bioinformatics 28, 2537–2539.
Ravikanth G. and Siddappa Setty 2017 Shrinking harvest:
Genetic consequences and challenges for sustainable harvest-
ing of non-timber forest products. InTranscending boundaries:
reflecting on twenty years of action and research at ATREE (ed.
A JHiremath,NDRai andAAnanda Siddhartha), pp. 20–27.
Ashoka Trust for Research in Ecology and the Environment,
Bengaluru.
Ravikanth G., Ganeshaiah K. N. and Uma Shaanker R. 2001
Mapping genetic diversity of rattans in Central Western
Ghats: identification of hot-spots of variability for in situ
E. Geethika et al.
conservation. In Forest genetic resources: status, threats and
conservation strategies (ed. R Uma Shaanker, K N Ganesha-
iah and K S Bawa), pp. 69–83. Oxford and IBH Publishing,
New Delhi.
Ravikanth G., Srirama R., Senthilkumar U., Ganeshaiah K. N.
and Uma Shaanker R. 2011 Genetic resources of Phyllan-
thus in southern India: identification of geographic and genetic
hot spots and its implication for conservation. In Phyllanthus
species: scientific evaluation and medicinal applications (tradi-
tional herbal medicines for modern times) (ed. R. Kuttan, and
K. B. Harikumar), pp. 98–118. CRC Press, Florida.
Rist L., Uma Shaanker R. and Ghazoul J. 2011 The spatial dis-
tribution of mistletoe in a southern Indian tropical forest at
multiple scales. Biotropica 43, 50–57.
RozenS. andSkaletskyH.2000Primer3on theWWWforgeneral
users and for biologist programmers. Methods Mol. Biol. 132,
365–386.
Siva R. 2003Assessment of genetic diversity in some dye yielding
plants using isozyme data. Ph.D. dissertation, Bharathidasan
University, India.
Srirama R., Senthilkumar U., Ravikanth G., Sreejayan N.,
Gurumurthy B. R., Shivanna M. B. et al. 2010 Assessing
species admixtures in raw drug trade of Phyllanthus, a hepato-
protective plant usingmolecular tools. J.Ethnopharmacol. 130,
208–215.
Srirama R., Deepak H. B., Senthilkumar U., Ravikanth G.,
Gurumurthy B. R., Shivanna M. B. et al. 2012 Hepatopro-
tective activity of Indian Phyllanthus L. Pharma. Biol. 50,
948–953.
Uma Shaanker R. and Ganeshaiah K. N. 1997 Mapping the
genetic diversity of Phyllanthus emblica: Forest gene banks as
a new approach for insitu conservation of genetic resources.
Curr. Sci. 73, 163–168.
Van Oosterhout C., Hutchinson W. F., Wills D. P.
M. and Shipley P. 2004 MICRO-CHECKER: soft-
ware for identifying and correcting genotyping errors
in microsatellite data. Mol. Ecol. Notes 4, 535–
538.
Ved D. K. and Goraya G. S. 2008 Demand and supply of medic-
inal plants in India. FRLHT, Bengaluru.
Corresponding editor: Manoj Prasad
